(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




(43) International Publication Date (10) International Publication Number 

1 August 2002 (01.08.2002) PC T WO 02/059155 A2 



(51) International Patent Classification 7 : C07K 16/28, 

14/705, G01N 33/577, A61K 39/395, 31/00, A61P 9/00, 
25/00, A61K 38/17, C12N 15/12 

(21) International Application Number: PCT/GB02/00013 

(22) International Filing Date: 3 January 2002 (03.01 .2002) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

0100110.6 4 January 2001 (04.01.2001) GB 

(71) Applicant (for all designated States except US): UNIVER- 
SITY OF LEEDS [GB/GB]; Leeds LS2 9JT (GB). 

^= (72) Inventor; and 

== (75) Inventor/Applicant (for US only): BEECH, David 
jjpjj [GB/GB]; School of Biomedical Sciences, University of 
= Leeds, Leeds LS2 9JT (GB). 

= (74) Agent: HARRISON GODDARD FOOTE; Belgrave 
|§§ Hall, Belgrave Street, Leeds LS2 8DD (GB). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FT, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, 
YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

i— i 

ON 
IT) 



fS (54) Title: MODULATION OF CALCIUM CHANNEL ACTIVITY 

^ (57) Abstract: An antibody or antibody fragment capable of binding to a protein (TrpCl) that is a novel type of Ca 2+ channel encoded 
£^ by a trp gene. The protein is a store-operated channel subunit contributing to store-operated Ca 2 * channels in native mammalian cells, 
^ accordingly this represents a potential target for novel drug design. 



WO 02/059155 



PCT/GB02/00013 



Modulation of Calcium Channel Activity 

The present invention relates to a protein or polypeptide, products and uses thereof, 

i 

the protein or polypeptide being associated with store-operated Ca 2+ channel activity. 
5 In addition, the present invention provides a novel target site for rationalised drug 
design. 

Background to the Invention 

10 Store-operated channels (SOCs) are plasma membrane Ca 2+ channels that open when 
Ca 2+ levels in sarcoplasmic or endoplasmic reticulum are depleted. SOCs may serve 
an essential "house keeping" function to refill or reload sarcoplasmic reticulum 
following Ca 2+ -release. SOCs are also thought to be involved in muscle contraction, 
control of cell proliferation and in CD95-mediated cell apoptosis. 

15 

It is thought that SOCs are products of the mammalian trp gene family (related to 
Drosophila TRP/TRPL genes) 1,2 . It is known from the prior art that expressed trp3 
induces channel activity associated with store-depletion but it requires coactivation of 
receptors or diacylglycerol 3 . Trp4 is suggested to be a SOC 4 but is also described as 

20 a receptor-operated channel that cannot be activated by store-depletion 5 . In addition, 
expressed frpl may behave as a SOC 6 but it is also reported to be a basally active 
channel independent of Ca 2+ stores 7 and a diacylglycerol-activated channel 8 . It would 
appear from these studies that heterologous expression of mammalian trp genes 
enhances or generates Ca 2+ channel activity, but whether any of the genes encode 

25 native subunits of store-operated channels or if they are membrane-spanning subunits 
remains unanswered. 

Cardiovascular disease and hypertension are the most common diseases in the 
western world with high morbidity and mortality rates. One approach to 
30 management of such diseases is by modulation of Ca 2+ channel signals. There is 
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intense research to develop alternative and more effective cardiovascular 
/hypertensive therapeutic agents. 

Statement of the Invention 

5 

In its broadest aspect the present invention provides a protein or polypeptide encoded 
by a trpl nucleic acid, products and uses thereof . 

In the present invention a mammalian protein TrpCl has been investigated and 
10 characterised. This protein is smaller than its Drosophila TRP or TRPL equivalent, 
with a shorter C-terminus and, because of its comparative size, this mammalian 
protein has been previously dismissed as being likely to be a SOC 10 . Surprisingly, 
our results are at odds with this prediction and we have found that the protein TrpCl 
(the mammalian trpl gene product) is a SOC in vascular smooth muscle cells. We 
15 have been able to detect the TrpCl protein (encoded by trpl gene) in a variety of 
freshly isolated human, mouse and rabbit cells and have demonstrated that mRNA 
encoding TrpCl is broadly expressed in the vasculature. 

The present invention also provides a TrpCl -specific antibody targeted to the peptide 
20 predicted to contribute to the outer vestibule of the TrpCl channel. The present 
invention therefore in another aspect provides a novel target site for the development 
of new and alternative therapeutics for the treatment of cardiovascular, hypertension 
and arteriosclerosis and other circulatory diseases in addition it provides a target site 
for the development of analgesics. 

25 

According to a' first aspect of the invention there is provided an antibody or antibody 
fragment capable of binding to a peptide comprising the sequence as set forth in SEQ 
ID NO: 1 or a fragment thereof associated with store-operated Ca 2+ channel activity. 

30 It will be appreciated that the antibody of the present invention is capable of binding 
to a sequence consisting essentially of that of SEQ ED NO:l and that the sequence 
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may contain a typically conservative, substitution, deletion, addition or mutation but 
preserve its antigenic site. 

Preferably, the antibody is monoclonal or polyclonal alternatively the antibody could 
5 be in a recombinant humanised form. 

According to a further aspect of the invention there is provided a poly(amino acid), 
e.g polypeptide, that is capable of binding to the antibody or antibody fragment of the 
present invention, other than a native protein. 

10 

Preferably, the poly(amino acid) is isolated. 

Preferably, the poly(amino acid) is no more than 50 amino acids and more preferably 
is no more than 20 amino acids in length. It is thought that an epitope generally 
15 comprises between 6-9 amino acid and it will be appreciated that SEQ ID NO:l 
encompasses the TrpCl s s epitopic region. 

Preferably, the poly(amino acid) consists essentially of the sequence as set forth in 
SEQ ID NO:l or a fragment thereof. The sequence may also be a variant thereof, 
20 modified by substitution deletion or addition of 1 or more amino acids. 

The sequence as set forth in SEQ ID NO:l is associated with a TrpCl protein or 
polypeptide and has Ca 2+ channel activity in that protein. 

25 Preferably, the poly(amino acid) is encoded by a trpl nucleic acid and more 
preferably the nucleic acid encoding region spans domains S5 and S6 of the trpl 
gene. 

Preferably, the poly(amino acid) is of mammalian origin. 

30 
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According to a yet further aspect of the invention there is provided an antibody or 
antibody fragment specific for the poly(amino acid) as herein before described. 

Results have shown that TrpCl (as set forth in SEQ ID NO:l) is a novel 
5 physiological Ca 2+ channel subunit in arterial smooth muscle cells. TrpCl was found 
in a number of different cell types from a number of different species indicating its 
widespread potential as a target molecule. 

The poly(amino acid) comprises an epitope against which an antibody may be raised; 
10 poly(amino acid) may if desired or necessary be conjugated to a hapten for the 
purposes of raising the antibody. 

Further studies have shown that TrpCl is localised to the plasma membrane and has 
an extracellular domain. Peptide-specific binding of the antibody had a functional 
15 effect, selectively blocking store-operated Ca 2+ channel activity. The antibody of the 
present invention is thus a powerful new tool for the study of mammalian trpl gene 
products. 

According to a yet further aspect of the invention there is provided use of the 
,20 antibody of the present invention in identifying a SOC site or Ca 2+ channel activity. 

According to a yet further aspect of the invention there is provided a method of 
identifying a SOC site or Ca 2+ channel activity comprising contacting the antibody of 
the present invention with a tissue or cell sample and detecting or measuring the level 
25 of interaction therebetween. 

According to a yet further aspect of the invention there is provided a pharmaceutical 
composition comprising a specific binding partner for the poly(amino acid) of the 
present invention and a pharmaceutical^ acceptable adjuvant, diluent or carrier. In 
30 another aspect, the composition comprises an antibody or antibody fragment of the 
present invention and a pharmaceutically acceptable adjuvant, diluent or carrier. 
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Alternatively the composition may comprise a TrpCl inhibitor and a 
pharmaceutical^ acceptable adjuvant, diluent or carrier. 

It will be appreciated that the antibody of the present invention was found to 
5 selectively block or inhibit store-operated Ca 2+ channel activity, accordingly the 
antibody in itself is of potential therapeutic benefit. 

Results have shown that TrpCl is expressed in dorsal root ganglion and especially in 
small diameter fibres that are involved in dull pain sensations. Therefore, in one 
10 aspect of the invention the pharmaceutical composition may be used for the treatment 
of pain relief. 

A possible candidate blocking agent is 2-APB (2-aminoethoxydiphenyl borate) which 
we have shown to block "store-operated" calcium entry in arterioles. In one 
15 embodiment of the invention the pharmaceutical may comprise a TrpCl inhibitor in 
the form of 2-aminoethoxydiphenyl borate or a salt thereof or chemical derivative 
thereof. 

According to a yet further aspect of the invention there is provided use of the protein 
20 or polypeptide or antibody of the present invention or a TrpCl inhibitor for the 
manufacture of a medicament for the treatment of cardiovascular, hypertensive, 
arteriosclerotic and other circulatory diseases, or as an analgesic. 

In another aspect of the invention the protein or polypeptide or antibody of the 
25 present invention or TrpCl inhibitor can be used for the manufacture of a 
medicament for the treatment of Alzheimer's disease, vasculature brain disorders and 
as a neuroprotective agent or as an analgesic. 

According to a yet further aspect of the invention there is provided a method of 
30 screening therapeutic agents which specifically interact with, and bind to the 
poly(amino acid) sequence as set forth in SEQ ID NO:l or a part thereof which 

5 
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comprises contacting a mammalian cell with a plurality of candidate therapeutic 
agents, determining those agents which bind to the mammalian cell, and thereby 
identify agents which specifically interact with and bind to the poly(amino acid) of 
the present invention. 

5 

According to a yet further aspect of the invention there is provided use of the protein 
or polypeptide of the present invention as a target site for interaction with putative 
cardiovascular, hypertensive or arteriosclerotic agents or as an analgesic and/or for 
measuring efficacy of such agents. 

10 

The target site of the poly(amino acid) comprises at least a functionally effective part 
of the sequence as set forth in SEQ ID NO:l and interaction between a therapeutic 
agent with this site, so as to block or inhibit expression of the protein or polypeptide, 
provides an alternative approach to rationalised drug design. 

15 

According to a yet further aspect of the invention there is provided a method for the 
production of a pharmaceutical composition comprising the method of screening as 
herein before described and furthermore mixing the agent identified, or a derivative 
or homologue thereof with a pharmaceutically acceptable carrier. 

20 

According to a yet further aspect of the invention there is provided a primer 
comprising the sequence as set forth in SEQ ID NOS: 2 and 3, or parts thereof or 
homologues thereof, the primer being specific for a nucleic acid encoding the 
poly(amino acid) of SEQ ID NO: 1 . 

25 

Preferably, the primer may be used to identify trpl nucleic acid products. 

>» 

According to a yet further aspect of the invention there is provided a method of 
treatment comprising administering to a patient suffering from cardiovascular 
30 disease, hypertension, arteriosclerosis or any other circulatory disease or pain a 



6 



WO 02/059155 



PCT/GB02/00013 



■ therapeutically effective amount of the pharmaceutical composition of the present 
invention. 

It will be appreciated that patients suffering from Alzheimer 1 s disease, neurological 
5 and brain disorders such as, for example and without limitation strokes ' or pain, may 
also be treated by and benefit from the pharmaceutical compositions of the present 
invention. 

Brief Description of the Figures 

10 

Fig. 1. TrpCl expressed in blood vessels. Fig 1(a) mRNA detected by RT-PCR in 
human LIMA, mouse aorta, and rabbit pial membrane (P-actin and trpl\ arteriolar 
fragments and single cell "rings". Predicted sizes of the trpl and p-actin PCR 
products were 423 and 763 bp. Products were not detected if reverse transcriptase 
15 was omitted, as shown for rabbit pial (no RT). (b) Rabbit arteriolar smooth muscle 
"ring" stained with anti-a-SMA-Cy3. Scale bar 50pm. (c) Western blots with T1E3 
antibody for aorta, LIMA, portal vein (PV) and pial membrane. Labelling was 
competed off by peptide in human vessels and mouse pial membrane (not shown) 
and PV (shown). 

20 

Fig. 2. shows the putative pore region of SEQ ID NO:l and targeting of T1E3 
antibody to the outer vestibule of TrpCl channels. Sequence alignment of putative 
pore regions of trp gene products between 5 th and 6 th membrane spanning domains 
(S5 and S6), SEQ ID NOS: 6-15. Accession numbers are (r = rat, m = mouse, h = 
25 human, o - rabbit): AF061266 (rTrpCl); U73625 (mTrpCl); AF170493 (oTrpCl); 
U31110 (hTrpCl); AF111107 (mTrpC2); U47050 (hTrpC3); AF170456 (hTrpC4); 
AF029983 (mTrpC5); AF080394 (hTrpC6); AF139923 (mTrpC7). 

Fig. 3. Shows TrpCl expression in native cells and spanning of the plasma 
30 membrane. Fig 3 shows (a) Permeabilised mouse pial arteriole labelled with T1E3 
antibody. The edge of one smooth muscle cell is indicated with an arrow. Figure 3 
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(b) shows another mouse arteriole stained with anti-a-SMA-Cy3. The scale bar is 
50fim and applies to images in Figures 3(a), (b), (c) and (d). Fig 3(c) FITC 
fluorescence from the same arteriole as in Fig 3 (b), which had also been incubated 
with T1E3 preadsorbed to antigenic peptide, Fig 3 (d) Permeabilised cultured human 
5 LIMA smooth muscle cell double-labelled with T1E3 antibody (green; appearing as 
white to light grey in a black and white image) and anti-a-SMA-Cy3 (red; appearing 
as dark grey in a black and white image), (e) Live-cell staining of an enzymatically- 
isolated rabbit arteriole stained with T1E3 antibody. Two smooth muscle cells are in 
the focal plane and fluorescence is observed only at the perimeter of each cell. The 
1 0 scale bar in (e) is 5 nm. 

Fig. 4. Shows TrpCl is a store-operated Ca 2+ channel. Fig 4 (a) La 3+ -sensitive Ca 2+ - 
entry in a rabbit arteriolar cell after 1 hr in thapsigargin (lpmole/L) (store-depleted). 
Fig 4 (b) Stores were depleted and the Ca 2+ signal occurring on reintroduction of 
1.5mmole/L Ca 2+ (as in Fig 4 (a)) was smaller with T1E3 compared against T1E3 
plus peptide (n=95 each, * PO.05). Without store-depletion there was no effect of 
T1E3 (tt=70 each). Nco-nitro-L-arginine methyl ester (0.3mmole/L) was included in 
Fig 4 (a) and Fig 4 (b) to inhibit basal nitric oxide production. Fig 4 (c) as in Fig 4 
a), stores were depleted. The signal occurred on addition of lOmmole/L Ba 2+ (200 s) 
and data are mean±s.e.m. (n=55 for each). The signal was smaller with T1E3 
compared against T1E3 plus peptide (** ?<0.001 at 800 s). 

Fig 5 shows distribution analysis of TrpCl protein in various tissues from a 
cynomologous macaque primate. Test images are from experiments using a primary 
• 25 antibody, either the T1E3 antibody or an Anti-Trpcl antibody (purchased from 
Alomone Labs) and control images are from parallel experiments without a primary 
antibody. Nuclei' are ^stained blue with haematoxylin in all images (appearing as 
black in black and white images). Primary antibody binding is indicated by brown 
colouration (appearing as black to grey in test versus control images). Figure 5A 
30 shows the distribution in heart artery and myocardium stained using the Vector 
Laboratories Vectastain Universal ABC kit and the Anti-Trpcl antibody, Figure 5B is 



15 



20 
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the parallel control. Figure 5C shows distribution in heart artery and myocardium 
stained using the Vector Laboratories Vectastain Universal ABC kit and the T1E3 
antibody, Figure 5D is the parallel control. Figure 5E shows the distribution in dorsal 
root ganglion using the Vector Laboratories Vectastain Universal ABC kit and the 
5 T1E3 antibody, Figure 5F is the parallel control. In Figure 5E arrows indicate small 
diameter fibres, which were positive for TrpCl as indicated by binding of T1E3 
antibody. Figure 5G shows distribution in occipital cortex artery and parenchyma 
stained using the Vector Laboratories Vectastain Universal ABC kit and the T1E3 
antibody, Figure 5H is the parallel control 

10 

Materials and Methods 

Human left internal mammary arteries (LIMA) and aortae were obtained with ethical 
approval. Vessels were placed in Hank's solution (mmole/L): NaCl, 137; KC1, 54; 

15 CaCl 2 , 0-01; NaH 2 P0 4 , 0-34; K 2 HP0 4 , 044; D-glucose, 8; HEPES, 5. Other vessels 
were from male Wistar rats or BalbC mice. Arteriole fragments were obtained from 
pial membrane 9 . Cells/vessels were stored at 4°C in Hank's (<13hr). mRNA was 
isolated with Dynabeads® Oligo (dT)25 (Dynal). Bead complexes were washed and 
transferred to 20p.l Superscript™ reverse transcriptase (Gibco-BRL) at 42°C 

20 (30min). Primers for trpl were TGGTATGAAGGGTTGGAAGAC (forward) SEQ 
ID NO:2 and GGTATCATTGCTTTGCTGTTC (reverse) SEQ ID NO:3. Primers for 
p-actin detection were TTGTAACCAACTGGGACGATATG (forward) SEQ ID 
N04 and GATCTTGATCTTCATGG TGCTGG (reverse) SEQ ID NO:5. Thermal 
cycling was 95°C (5min), 40 cycles at 94°C (30sec), 53-60°C (1mm), 72°C (lmin), 

25 and 72°C (7min). Products were detected on 1.5% agarose gels and directly 
sequenced for rabbit pial membrane. T1E3 antibody was prepared in rabbit by 
Sigma-Genosys (UK) and targeted to TrpCl of SEQ ID NO:l (Fig. 2a). Specificity 
was tested by ELISA and pre-immune serum had no aqtivity. T1E3 antiserum was 
used at 1:500 dilution and antigenic peptide at lOfimole/L. For experiments in 

30 lOOmmole/L K + , antiserum was cleaned on a HiTrap protein A column and used at 
1:100 dilution, with/without antigenic peptide at 20)imole/L. For Western blotting, 
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tissues were placed in lOOmmole/L phenylmethylsulphonylfluoride (Sigma) and lysed 
in SDS buffer containing lOOjimole/L dithiothreitol at 80-100°C (15min). Proteins 
were separated on 10% SDS-PAGE gels and transferred to nitrocellulose, which was 
rinsed with phosphate buffered saline (PBS) and incubated in PBS containing 10% 
5 milk for lhr (room temperature). Incubation in T1E3 was overnight at 4°C, followed 
by washes in PBS and incubation in horseradish peroxidase-secondary antibody 
(1:5000, BioRad) for lhr (room temperature). Membranes were washed with PBS 
and labelling detected by ECLplus (Amersham). For immunofluorescence, 
tissues/cells adhered to poly-L-lysine-coated slides were incubated in 1% BSA/PBS, 

10 transferred to T1E3 antibody for 12hr, and secondary antibody (mouse anti-rabbit 
IgG-FITC, 1:160, Sigma) for lhr. Cells were identified with anti-smooth muscle a- 
actin antibody (anti-a-SMA-Cy3, 1:200, Sigma). Microscopy images were processed 
with Openlab software (Improvision, UK). Permeablised cells were fixed in 2% 
paraformaldehyde (30min), immersed in -20°C methanol (lmin), and 1% BSA with 

15 0.1% triton X-100 for lhr. Ratiometric [Ca 2+ ]i or [Ba 2+ ]i measurements were as 
described 19 but using 340/380 nm excitation and background fluorescence was 
subtracted. The supervision solution contained (mmole/L): NaCl, 130; KC1, 5; 
MgCl 2 , 1.2; CaCl 2 1.5; HEPES 10; and glucose 8; pH 7.4; flow rate 5ml/min. Ca 2+ 
was replaced by 0.4mmole/L EGTA for Ca 2+ -free solution. All solutions included 

20 methoxyverapamil (10|amole/L). For imaging experiments except those in 
lOOmmole/L K + solution, preincubation with 1:500 T1E3 was for 8-12hr (4°C). 
When lOOmmole/L KC1 replaced lOOmmole/L NaCl in the super-fusion solution, 
arterioles were preincubated with 1:100 cleaned T1E3 for 2hr (37°C). 
Antiserum/peptide were not in recording solutions. Recordings were made 

25 alternately from test and control cells. Signals were measured from 5 smooth muscle 
cells in each arteriole. Data are expressed as mean± s.e.m. and n is the number of 
cells. Comparisons were made using unpaired Student's West. 

TrpCl protein in' cynomologous macaque primate tissue was investigated using 
30 paraffin embedded tissue sections from heart, occipital cortex and dorsal root 
ganglion. Tissue was stained using the Vector Laboratories Vectastain Universal 
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ABC kit and either the T1E3 antibody or an Anti-Trpcl antibody purchased from 
Alomone Labs. 

Evidence in Support of the Invention 

5 

EXAMPLE 1 

Trpl mRNA expression 

10 Trpl mRNA expression was investigated in a range of blood vessels using RT-PCR 
the results indicate that it was present (Fig. la). It was also detected in single 
arteriolar smooth muscle cells harvested by a micro-hooking method (Fig. la, b). 
TrpCl protein was detected using a polyclonal antibody (T1E3) targeted to a 
mammalian TrpCl -specific peptide (Fig. 2a). The peptide was predicted to be 

15 extracellular based on results of transmembrane detection algorithms (not shown) 
and studies of TrpC3 glycosylation 11 mdXenopus laevis trp expression 12 . Western 
blotting revealed that T1E3 is specific for protein of the mass predicted for TrpCl 
(Fig. lc), which is 92 kDa for cc-splice variant and 87 kDa for p-deletion (human 
TrpCl). Labelling by T1E3 was peptide-specific because it was absent following 

20 preadsorption to antigenic peptide (Fig. lc). Small variations in the size of labelled 
proteins may be explained by varying levels of a- and p-variants 6 , both of which 
were detected by RT-PCR. 

Membrane-inserted TrpCl protein was labelled with T1E3 as shown by 
25 immunofluorescence staining of permeabilised cells in arterioles (Fig. 3 a). Staining 
was most intense at the edge of smooth muscle cells in arterioles (Fig. 3a) or in cells 
cultured from human LIMA (Fig 3d), suggesting plasma membrane localisation. 
Staining was specific because it was absent if T1E3 was preadsorbed to its antigenic 
peptide (Fig. 3b and 3c). T1E3 antibody should also label unpermeabilised cells if 
30 the epitope is extracellular. Smooth muscle cells in enzymatically isolated rabbit pial 
arterioles were incubated with T1E3 prior to fixation with paraformaldehyde and 
without Triton-X permeabilisation. Specific staining with T1E3 was detected and 
was most intense at the cell perimeter (Fig. 3e). The absence of permeabilisation was 
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confirmed by lack of staining by anti-a-SMA-Cy3(data not shown). Fluorescence 
was absent from rabbit arterioles incubated with secondary antibody but not T1E3, or 
TlE3+peptide (data not shown). Immunofluorescence studies were performed on 
rabbit as well as mouse because we could not satisfactorily isolate cells from mouse. 
5 Isolated rabbit arterioles are amenable to Ca 2+ -imaging, and we have evidence for 
SOCs. 

EXAMPLE 2 

10 TrpCl is a store-operated Ca 2+ channel 

Sequence alignments of TrpCs with Shaker K + channel and related channels suggest 
TrpCs are channel subunits. These alignments place the T1E3 epitope in the putative 
outer vestibule of the channel (Fig. 2b). Since antibodies targeted to this region of 

15 K + channels block K + -currents we tested whether T1E3 inhibits Ca 2+ entry. With 
block of voltage-gated Ca 2 * channels and after store-depletion caused by 
thapsigargin, reintroduction of extracellular Ca 2+ caused a lanthanum-sensitive rise in 
[Ca 2+ ]i (Fig. 4a) that was similar to that described previously 13 . The effect of 
reintroducing Ca 2+ was significantly larger after thapsigargin treatment (Fig. 4b), 

20 suggesting a component of Ca 2+ -influx through SOCs. To test the effect of T1E3 on 
SOCs, arterioles were incubated with T1E3 at 4°C to allow binding of antibody but 
minimise de novo protein expression. In thapsigargin treated (but not untreated) 
arterioles, the [Ca 2+ ]i signal on reapplication of Ca 2+ was significantly smaller after 
incubation with T1E3 as compared to incubation with T1E3 preadsorbed to antigenic 

25 peptide (Fig. 4b). Ba 2+ is permeant in Ca 2+ channels but is weakly extruded or 
sequestered by cells. Thus, application of Ba 2+ may permit a better measure of ion- 
flux through SOCs. Ba 2+ -influx was measured after thapsigargin treatment and was 
significantly smaller following incubation in T1E3 without antigenic peptide (Fig. 
4c). The effect of T1E3 did not result from an effect on membrane potential because 

,30 T1E3 also inhibited Ba 2+ -influx when arterioles were studied in solution containing 
lOOmmole/L K + , which strongly depolarises and clamps the membrane potential 
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(data not shown). In this condition, Ba 2+ -induced AF340/F380 was again significantly 
smaller in the T1E3 compared with the TlE3+peptide group (0. 1728±0.0054 n=50 vs 
0.2153±0.O112 rc=40, PO.0005). Antigenic peptide alone had no effect on Ba 2+ - 
flux: AF340/F380 was 0.219±0.007 in control and 0.211±0.008 in peptide («=75 for 
5 each, P>0,05); 

That SERCA inhibition increased the Ca 2 * signal on reintroduction of extracellular 
Ca 2+ is suggestive of SOC activity, although the effect could be explained by the 
superficial buffer barrier hypothesis with constant background Ca 2+ entry. We now 
10 show the effect of T1E3 on background Ca 2+ signal alone and the signal plus that 
induced by SERCA inhibition. Importantly, T1E3 -sensitivity depended on 
thapsigargin treatment. Thus, TrpCl is not a background Ca 2+ channel but a Ca 2+ 
channel activated by store-depletion. 
EXAMPLE 3 

15 

TrpCl is a plasma membrane protein spanning the membrane with an 
extracellular domain 

Three observations demonstrate TrpCl is a plasma membrane protein spanning the 
20 membrane with an extracellular domain. T1E3 -labelling is most intense at the cell 
perimeter, T1E3 labelled cells that were not permeabilised. Incubation of live cells 
with T1E3 inhibited Ca 2+ entry. In the latter two cases, T1E3 must have bound an 
extracellular site. The Ca 2+ /Ba 2+ measurements further suggest TrpCl is a pore- 
forming subunit because the T1E3 epitope is in the predicted outer vestibule of the 
25 channel. Although the blocking effect of T1E3 might seem relatively small, the 
effect was statistically significant in three independent data sets. Furthermore, a large 
block was not expected: 1. Only part of the Ca 2+ /Ba 2+ -influx was store-operated. 2. 
A large antibody molecule is unlikely to be an efficient channel blocker. 3. We 
incubated with T1E3 for relatively short periods (8-12hr at 4°C or 2hr at 37°C) to 
30 minimise changes to native protein levels or cellular localisation. Although T1E3 
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was washed out prior to Ca -measurements it remained bound as demonstrated by 
immunostaining and Western blot. 

These results have led us to believe that TrpCl is one pore-forming subunit in a SOC 
5 heteromultimer, another subunit having a longer C-terminus and that there is more 
than one mechanism by which SOCs can couple to Ca 2+ stores and the mechanism 
involving TrpCl is different from that involving Drosophila TRP. 

The present invention therefore provides a protein (TrpCl) that is a novel type of 
10 Ca 2+ channel in mammalian vascular smooth muscle encoded by a trp gene. The 
protein of the present invention is of particular advantage in that it is a native store- 
operated channel. In addition, the antibody of the present invention is of particular 
utility as a tool for studying TrpCl effects and demonstrates that the trp\ gene 
encodes a novel channel subunit contributing to store-operated Ca 2+ channels in 
15 native arterial smooth muscle cells. Moreover, TrpCl is a potential target for novel 
drugs to alleviate hypertension or vasospasm, or inhibit smooth muscle proliferation 
in arteriosclerosis and neointimal hyperplasia. 

EXAMPLE 4 

20 

Differential expression of TrpCl 

With regard to Figure 5 we have demonstrated distribution analysis of TrpCl protein 
in cynomologous macaque primate tissue: occipital cortex, heart, and dorsal root 

25 ganglion. The data indicate differential expression of TrpCl and that TrpCl is 
expressed at highest levels in cardiac muscle cells, dorsal root ganglion neurones 
(especially small fibres) and cerebral arteries. TrpCl is expressed in cerebral artery 
and myocardium but not coronary artery. We have also observed that TrpCl is 
expressed in dorsal root ganglion and especially in small diameter fibres that are 

30 involved in dull pain sensations. 
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Differential expression suggests some specificity could be achieved through use of a 
TrpCl blocking substance. The function of TrpCl in cardiac muscle is unknown and 
it is difficult to speculate on what would happen if TrpCl was blocked in the heart. 
The TrpCl expression in small sensory neurone fibres of the dorsal horn is we 
5 believe a possible target site for developing blockers of TrpCl that may have use as 
analgesics. A possible candidate blocking agent is 2-APB (2-aminoethoxydiphenyl 
borate) which is known to block "store-operated" calcium entiy in arterioles. 

Results also suggest that TrpCl mRNA levels may increase in proliferating vascular 
10 smooth muscle and that a small molecule inhibitor of the TrpCl calcium signal 
inhibits phenotypic modulation. These data appear to support a hypothesis that a 
TrpCl blocker would be beneficial in arteriosclerosis and neoinitimal hyperplasia. 
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Claims 

1 . An antibody or antibody fragment capable of binding to a peptide comprising 
the sequence as set forth in SEQ ID NO: 1 or a fragment thereof. 

5 

2. An antibody or antibody fragment according to claim 1 which is monoclonal 
or polyclonal. 

3. An antibody or antibody fragment according to claim 1 which is in a 
1 0 recombinant humanised form. 

4. A poly(amino acid) that is capable of binding to the antibody or antibody 
fragment according to any preceding claim. 

15 5. A poly (amino acid) according to claim 4 which is isolated. 

6. A poly(amino acid) according to either claim 4 or 5 comprising no more than 
50 amino acids. 

20 7. A poly(amino acid) according to claim 6 comprising no more than 20 amino 
acids. 

8. A poly(amino acid) according to any one of claims 4-7 consisting essentially 
of the sequence as set forth in SEQ ID NO:l or a fragment thereof. 

25 

9. A poly(amino acid) according to any one of claims 4-7 wherein the sequence 
is a variant of a poly(amino acid) of claim 8, modified by substitution deletion or 
addition of 1 or more amino acids. 

30 10. An antibody or antibody fragment specific for the poly(amino acid) according 
to any one of claims 4-9. 
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1 1 . Use of an antibody or antibody fragment according to any one of claims 1-3 
or 10 in identifying a SOC site or Ca 2+ channel activity. 

12. A method of identifying a SOC site or Ca 2+ channel activity comprising 
5 contacting the antibody or antibody fragment according to any one of claims 1-3 or 

10 with a tissue or cell sample and detecting or measuring the level of interaction 
therebetween. 

13. A pharmaceutical composition comprising a specific binding partner for the 
10 poly(amino acid) according to any one of claims 4-9 and a pharmaceutical^ 

acceptable adjuvant, diluent or carrier. 

14. A pharmaceutical composition comprising an antibody or antibody fragment 
according to any one of claims 1-3 or 10 and a pharmaceutically acceptable adjuvant, 

15 diluent or carrier. 

15. A pharmaceutical composition comprising a TrpCl inhibitor and a 
pharmaceutically acceptable adjuvant, diluent or carrier. 

20 16. A pharmaceutical composition according to claim 15 for the treatment of pain 
relief. 

17. A pharmaceutical composition according to either claim 15 or 16 wherein the 
TrpCl inhibitor is 2-aminoethoxydiphenyl borate or a chemical derivative thereof or 

25 a salt thereof. 

18. Use of a poly(amino acid) according to any one of claims 4-9 for the 
manufacture of- a medicament for the treatment of cardiovascular, hypertensive, 
arteriosclerotic and other circulatory diseases, Ateheimer's disease, brain disorders or 

30 as a neuroprotective agent or as an analgesic. 
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19. Use of an antibody or antibody fragment according to any one of claims 1-3 
or 10 for the manufacture of a medicament for the treatment of cardiovascular, 
hypertensive, arteriosclerotic and other circulatory diseases, Alzheimer's disease, 
brain disorders or as a neuroprotective agent or as an analgesic. 

5 

20. Use of a TrpCl protein for the manufacture of a medicament for the treatment 
of cardiovascular, hypertensive, arteriosclerotic and other circulatory diseases, 
Alzheimer's disease, brain disorders or as a neuroprotective agent or as an analgesic. 

10 21. Use of a poly(amino acid) according to any one of claims 4-9 as a target site 
for interaction with putative cardiovascular, hypertensive, arteriosclerotic or neuronal 
agents and/or for measuring efficacy of such agents. 

22. A method of screening therapeutic agents which specifically interact with, 
15 and bind to the poly(amino acid) sequence as set forth in SEQ ID NO:l or a part 

thereof which comprises contacting a mammalian cell with a plurality of candidate 
therapeutic agents, determining those agents which bind to the mammalian cell, and 
thereby identifying agents which specifically interact with and bind to the poly(amino 
acid) according to any one of claims 4-9. 

20 

23. A method for the production of a pharmaceutical composition comprising the 
method of claim 22 and furthermore mixing the agent identified, or a derivative or 
homologue thereof with a pharmaceutically acceptable carrier. 

25 24. A primer comprising the sequence as set forth in SEQ ID NOS: 2 and 3, or 
parts thereof or homologues thereof, the primer being specific for a nucleic acid 
encoding the poly(amino acid) of SEQ ID NO;l. 

25. A method of treatment comprising administering to a patient suffering from 
30 cardiovascular disease, hypertension, arteriosclerosis or any other circulatory disease 
or Alzheimer's disease, neurological or brain disorders or pain, a therapeutically 
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effective amount of a pharmaceutical composition according to any one of claims 13- 
17. 
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